[Abstract] Viral vectors derived from the Bean pod mottle virus (BPMV) were shown to be highly efficient tools for functional studies in soybean (Glycine max) and common bean (Phaseolus vulgaris) (Zhang et al., 2010; Diaz-Camino et al 
promoter). These delivery methods may be incompatible with large-scale functional studies (Pflieger et al., 2013) . Here, we present the protocol for rapid, cheap and simple mechanical inoculation of BPMV vectors by direct rubbing of infectious plasmid DNA (direct DNA rubbing).
Once infected plants are obtained, we used a classical protocol of mechanical inoculation using infected leaf sap to inoculate new healthy common bean plants (i.e. secondary inoculation). 
Materials and Reagents

Phaseolus vulgaris (P. vulgaris) seeds
Notes
Video 2. BPMV primary inoculation in P. vulgaris (steps B8-9)
9. Rub the leaf surface by making 6 passages with a gloved finger. Make this sequential progress twice (Video 2). All the leaf surface should be rubbed. Be careful not to rub too hard.
10. At ~3-4 min after rubbing, rinse the inoculated leaf with tap water contained in a wash bottle until all carborundum is removed ( Figure 1D ).
11. Remove gently the excess of water on the upper side of the leaf using absorbant paper ( Figure 1E ). As the leaf is weakened, be careful not to tear the leaf ( Figure 1F ). Copyright Figure   1 ). Successful infection rate using the BPMV-GFP vector is 55% (Pflieger et al., 2014) . 2. Grind briefly the tissue with a pestle to obtain a green mash ( Figure 3B ).
3. Add ~3-4 ml of pH7 50 mM potassium phosphate buffer to make leaf sap.
4. Grind again with the pestle to obtain a green leaf sap ( Figure 3C ). As leaf sap is usually heterogeneous, let it settle a few minutes.
5. Powder the upper surface of one primary leaf per plant with carborundum (Video 1 and Figure 1A ). Don't dust too much carborundum because it can generate undesirable necrotic areas after rubbing (Note 7). 2. Keep in mind that BPMV is a viral pathogen and that its manipulation must be in accordance with your country legislation in regard to biosafety concern and containment to preclude uncontrolled virus transmission.
3. We recommend to use the common bean cv. 'Black Valentine' for mechanical inoculation by direct DNA rubbing because this genotype is highly susceptible to BPMV thus producing highly concentrated inoculums for secondary inoculation of any other genotype. vectors for gene expression or VIGS requires that the common bean genotype is susceptible to BPMV. You can test this by inoculating your genotype of interest with BPMV-GFP vector. However, in our work we showed that in some susceptible bean genotypes (e.g. JaloEEP558), the GFP fluorescence is only visible in the inoculated primary leaf but the viral vector does not move to the upper non-inoculated leaves and thus no GFP fluorescence is observed in these leaves ).
7. For secondary inoculations, don't dust all the plants with carborundum. After rubbing of 20 leaves with the Miracloth it will be soaked of leaf sap and carborundum. As an excess of carborundum generates undesirable necrotic areas after rubbing, we recommend not to dust your additional plants with carborundum or really slightly.
